The flora of Laos is composed of 5,005 species in 1,373 genera and 188 families of seed plants. Floristic and geographical attributes of the flora were analyzed. Tropical floristic elements at the family and generic levels contributed a majority (62.23% of the families and 82.30% of the genera) of the flora, of which the dominant geographical elements were pantropical distribution (42.02% of families) and tropical Asian distribution (30.08% of genera). This revealed that the flora of Lao PDR is tropical in nature and has a conspicuously tropical Asian affinity. Compared with the neighbouring countries of the Indochina peninsula, the flora of Laos has similar floristic composition and geographical elements. The floras of these Indochinese countries have similarities of more than 77.84% at the generic level, which suggests that they compose an affiliated biogeographical region. However, the flora of Laos showed the highest similarity to the flora of Vietnam (92.13%), followed by Myanmar (86.01%) at the generic level, but has less East Asian and North Temperate elements than Vietnam, and less North Temperate elements than Myanmar. These differences among the compared countries could be explained by the extrusion of the Indochinese block with the uplift of the Himalayas.
Introduction
Lao PDR (Lao People's Democratic Republic), one of the world's poorest countries, is located in the center of mainland Southeast Asia and covers 236,800 square kilometers (Fig 1) . It is surrounded by Myanmar (Burma), Thailand, Cambodia, Vietnam, and the People's Republic of China. The topography of Laos is largely mountainous, with the Annamite Range in the northeast and east and the Luang Prabang Range in the northwest (Fig 2) . It has elevations from 500 m in river valleys up to 2,819 m at the highest summit of Phou Bia mountain. Laos has a tropical monsoon climate, with a pronounced rainy season from May through October, a cool dry season from November through February, and a hot dry season in March and April [1] .
Floristic and vegetation studies of Lao PDR are uncommon. Vidal [2, 3] described the forests of Laos. He distinguished the forest types of Laos as moist semi-deciduous forests with a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
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The flora of French Indochina began with a study from Loureiro [6] , which was later revised by Lecomte et al. [7] , and revised again by Aubrevile [8] , in which the flora of Laos was included. There were two checklists referring to the plants of Lao PDR, i.e., Vidal [9] and Callanghan [10] . In Vidal's list, more than 1,000 local names of plants were illustrated, and in Callanghan's list more than 2,000 plant species were included. A new and updated checklist of the vascular plants of Lao PDR was recently published [11] , in which 4,850 species including native, cultivated, and naturalized vascular plants were listed. Although the Newman's checklist is derived from a very incomplete data set, it is possible to use for a biogeographical analysis of Lao PDR.Understanding the floristic characteristics and affinities of Laos is important for understanding the plant geography of the Indochina peninsula. This paper aims to (i) analyze the floristic patterns and geographical elements of Laos; (ii) examine its floristic affinity to neighbouring countries; and (iii) discuss biogeography of the Indochina peninsula.
Materials and methods
An updated list of native seed plants in Laos PDR is completed based upon entries in the checklist of the vascular plants of Lao PDR [11] ; excluding cultivated, introduced, and invasive species and recent surveys conducted by Xishuangbanna Tropical Botanical Garden, Chinese Academy of Science. After compiling these entries, circumscription of families was updated following APG III [12, 13] , and species names were rectified following the nomenclature and classification as presented in the w 3 TROPICOS of Missouri Botanical Garden (http://mobot. mobot.org/W3T/Search/vast.html). The updated list includes a total of 5,005 species in 1,373 genera and 188 families (S1 Table) . Floristic and geographical attributes of the flora of Laos were analyzed based on the list. Patterns of seed plant distribution were quantified at the generic level mainly based on Wu's documentation [14] and Wu et al. [15] , Mabberley's PlantBook [16] , and at the family level following Wu et al. [17] . A minority of Wu's circumscription on families did not corresponded with APG III. The distribution types of these variant families were determined by the actual distribution of these families. The geographical elements based on distribution types at family and generic levels were classified as: Cosmopolitan, Pantropic, Tropical Asia and Tropical America disjunct, Old World Tropics, Tropical Asia to Tropical Australia, Tropical Asia to Tropical Africa, Tropical Asia, North Temperate, East Asia and North America disjunct, Old World Temperate, Temperate Asia, Mediterranean region, West to Central Asia, Central Asia, East Asia and SW China to N Indochina. Comparisons of both floristic and geographical elements were made to assess the floristic similarity and variation as well as biogeographical affinities between neighbouring countries. Analyses were based upon published plant lists from Myanmar [18] , Thailand [19] , and Vietnam [20] , and circumscription of families, genera, and species in these lists were rectified following APG III and the w 3 TROPICOS of Missouri Botanical Garden.
Results

Floristic composition
A total of 5,005 species in 1,373 genera and 188 families of native seed plants from Lao PDR were confirmed in total. Families with more than 100 species include Fabaceae (100 genera / 521 species), Orchidaceae (96 /506), Euphorbiaceae (48/231), Rubiaceae (64/229), Poaceae (78/177), Lamiaceae (38/149), Cyperaceae (19/114), Fagaceae (4/109), Moraceae (7/108), Asteraceae (59/180), and Zingiberaceae (15/104) ( Table 1) . Of them, Orchidaceae, Euphorbiaceae, and Moraceae have a pantropic distribution. Zingiberaceae has a tropical Asian to tropical Australian distribution, Fagaceae has a north temperate distribution, and all others have a cosmopolitan distribution.
At the generic level, Dendrobium, with 92 species, is the most species-rich genus, followed by Ficus (75 species), Bulbophyllum (65), Lithocarpus (50), Desmodium (41), Bauhinia (38), Ardisia (36) , Diospyros (32), Syzygium (32), Crotalaria (31), Dalbergia (31), Fimbristylis (31), and Quercus (31) . Among these 13 species-rich genera, the major distribution type is pantropic, which include Ficus, Bulbophyllum, Bauhinia, Ardisia, and Diospyros. Lithocarpus and Desmodium have an East Asian and North American disjunct distribution, and Syzygium has an Old World Tropic distribution. Dendrobium has a tropical Asian to tropical Australian distribution, and Quercus has a north temperate distribution (Table 1) .
Geographical elements
In the flora of Lao PDR, families with a tropical distribution contribute 62.23% of the total families of the flora including those with a pantropical distribution (42.02%), such as 
Comparison with the floras of Vietnam, Thailand, and Myanmar
The floristic similarities at the generic and species levels between the floras of Laos, Vietnam, Thailand, and Myanmar are given in Table 4 . The floristic similarities between the flora of Laos and the floras from neighbouring countries exceed 77.84% at the generic level. The flora of Laos shows the highest similarity to the flora of Vietnam (92.13%), followed by the flora of Myanmar (86.01%). However, at specific level, except for the similarity between Laos and Vietnam, which is 61.19%, all other countries have relatively low similarities (lower than 45%).
The lowest similarity at the specific level exists between Vietnam and Myanmar. The comparison of geographical elements at the family level shows that these compared floras are almost the same. Laos and its neighbouring countries have tropical families contributing to 59.82%-62.23% and temperate families contributing 15.43%-19.57% of floral diversity. The minor differences are: the north temperate and East Asian families are more often found in Myanmar and the highest ratio of temperate families is found in Vietnam (Table 5 ).
The comparison of geographical elements at the generic level from these regional floras shows some differences. Although the tropical elements (types two-seven) contribute more than 72.52% of the total genera in all of the compared floras, the highest proportion of the tropical elements occurs in the flora of Thailand (comprising 84.95% of all the genera). The flora of Myanmar has a higher proportion of geographical elements of temperate flora (22.75%), such as north temperate and east Asia elements (Table 6 ).
Discussion
Like the floras of southern China from the northern margin of tropical Asia [21] [22] [23] [24] [25] , the flora of Lao PDR and other countries in Indochina peninsula, have a similar floristic composition and tropical Asian affinity, The flora of Laos is dominated by the same species-rich families and genera such as Fabaceae, Orchidaceae, Euphorbiaceae, Rubiaceae, Poaceae, Lamiaceae, Fagaceae, Moraceae, Zingiberaceae, Ficus, Bulbophyllum, Lithocarpus, Desmodium, Bauhinia, Ardisia, Diospyros, Syzygium, and Dalbergia. It also has a majority of tropical elements (62.23% of the total families and 82.30% of the total genera). The most dominant genera are those from tropical Asia (30.08% of the total genera). This reveals that the flora of Lao PDR is tropical in nature and has a conspicuously tropical Asian affinity.
Located at the centre of the Indochina peninsula, the flora of Laos is similar to the floras of Vietnam, Thailand, and Myanmar at the family and genera level (for example, more than 77.84% of similarity at the generic level). Additionally, Laos and its neighbouring countries have a similar composition in geographical elements. Our research has shown that the counties of the Indochina peninsula are floristically continuous and compose an affiliated biogeographical region. Moreover, the flora of Laos has the highest similarity to the flora of Vietnam (92.13% at the generic level and 61.19% at the specific level). It is logical that Laos and Vietnam have the most similar flora because of the physical geographic connection between them. Additionally, Vietnam has more East Asian and north temperate elements than the flora of Laos. Compared with the other neighbouring countries, the flora of Myanmar has the lowest proportion in tropical elements and the highest in temperate elements, while the flora of Thailand has the highest tropical elements and the lowest temperate elements. The biogeography of the Indochina peninsula could be explained by geologic block movements with the uplift of the Himalayas in these regions [26] [27] [28] [29] [30] [31] [32] . Fig 3 shows the boundaries of the main geoblocks in Southeast Asia [33] . Continental Southeast Asia comprises a collage of blocks bounded by suture zones [32] . The Indochina peninsula was formed from the Indochina block or terrane, South China block, Shan-Thai terrane and West Burma block [33] . These geoblocks each have a different geological history. With the collision between India and Eurasia, which began in the early Cenozoic [34] , the Indochina block extruded southeastward along the Ailao ShanRed River shear zone in the Oligocene and early Miocene [26] [27] [28] , while the Shan-Thai terrane underwent displacements and strike-slip faulting [35] . India collided with northern Myanmar and Tibet in the latest Eocene, and since the latest Cretaceous, the Burma plate has moved 1100 km northward relative to the Asian plate to the east [36] . The geological history of the Indochina blocks could have affected its biogeography. Tropical Asian elements conspicuously influenced the flora of Laos during the extrusion of the Indochinese block (southward translocation of the Indochina Block) with uplift of the Himalayas. This could have resulted in the tropical Asian affinity of its flora. The flora of Vietnam has more east Asian and north temperate elements because the northeastern part of 
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Vietnam is part of the East Asian geoblock. The flora of Myanmar has the lowest tropical elements and the highest in temperate elements, which could be because northern Myanmar is contiguous to the Himalayas and became influenced by the temperate flora of Himalayas.
Conclusions
A revised list of native seed plants from Laos PDR is presented comprising 5,005 species in 1,373 genera and 188 families. Geographical elements show that the families with tropical distribution contribute 62.23% of the total sum of the flora including flora with pantropical distribution (42.02%). The genera with a tropical distribution contribute 82.30%, in which the genera of tropical Asia make up 30.08%. This reveals that the flora of Lao PDR is tropical in nature and has a conspicuously tropical Asian affinity. The flora of Laos has similar floristic composition and geographical elements to its neighbouring countries from the Indochina peninsula and belongs to the same biogeographical unit. Compared with other Indochinese countries, the flora of Laos has the highest similarity with the flora of Vietnam (92.13% at the generic level and 61.19% at the specific), followed by Myanmar at the generic level and Thailand at the specific level. However, the floras of Myanmar and Vietnam have more north temperate and east Asian elements. The biogeography of Indochinese countries could be explained not only by their geographical locations, but also by geologic block movements of these regions. Specifically, the extrusion of the Indochinese block took place with the uplift of the Himalayas. 
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